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(57)Abstract: 

PURPOSE: To make a gallium nitride based compound semiconductor layer 

mit light uniformly in the surface and improve light emission output, by 
a<|justing the carrier concentration of an N-type gallium nitride based 
s miconductor layer and/or a P-type gallium nitride based compound 
s miconductor layer, so as to be small in accordance with the distance 
n arer form a light emitting layer. 

CONSTITUTION: The following are laminated on a substrate 1: an N+ type 
GaN layer 2 as an N-type gallium nitride based compound semiconductor 
lay r. and an N-type Gal-YAIYN layer 3 whose carrier concentration is 
smaller than the N+ type GaN layer 2. The value of Y is adjusted in the 
range of 0<Y<1. An InXGal-X layer 4 as a light emitting layer is laminated 
where, th value of X is acijusted in the range of 0<X<1. As a P-type gallium 
nitride based compound semiconductor layer, a P-type Gal-ZAIZN layer 5 
and a P+ type GaN layer 6 whose carrier concentration is larger than the P- 
typ Gal-ZAIZN layer 5 are laminated. The value of Z is adjusted in the 
range of 0^<1. Thereby a current can be made to flow uniformly in the 
whole part of the active layer, and uniform light emission is realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has b n translat d by computer.So the translation may not refl ct th original pr cis ly. 

2. **** shows the word which can not be translated. 
3.1n th drawings, any words ar not translat d. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the gallium-nitride system compound semiconductor light emitting device of terrorism structure in the doubl 
which possesses an n type InXGal-XN (0< X<1) layer as a luminous layer between n type gallium-nitride system compound 
s miconductor layer and p type gallium-nitride system compound semiconductor layer. The gallium-nitride system 
compound semiconductor light emitting device characterized by being atijusted so that the carrier concentration of the 
aforementioned n type gallium-nitride system compound semiconductor layer and/or the aforementioned p type gallium- 
nitride system compound semiconductor layer may become small as it approaches the aforementioned InXGal-XN layer. 
[Claim 2] The aforementioned n type gallium-nitride system compound semiconductor layer is a gallium -nitride system 
compound semiconductor light emitting device according to claim 1 characterized by the bird clapper from an n+ type GaN 
layer with large carrier concentration, and an n type Gal-YAIYN (0<=Y<1) layer with carrier concentration smaller than an 
n+ typ GaN layer. 

[Claim 3] The aforementioned p type gallium-nitride system compound semiconductor layer is a gallium-nitride system 
compound semiconductor light emitting device according to claim 1 characterized by the bird clapper from a p-*- type GaN 
lay r with large carrier concentration, and a p type Gal-ZAIZN (0<=Z<1) layer with carrier concentration smaller than a p+ 
type GaN layer. 

[Claim 4] The aforementioned n type InXGal-XN layer is a gallium-nitride system compound semiconductor light emitting 
device according to claim 1 characterized by doping n type dopant and p type dopant, and considering as n type. 
[Claim 53 The aforementioned p type gallium-nitride system compound semiconductor layer is the claim 1 characterized by 
carrying out annealing and forming low resistance above 400 degrees C, or a gallium-nitride system compound 
semiconductor light emitting device according to claim 3. 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

Dndustrial Application] this invention relates to the light emitting device which used the gallium-nitride system compound 
semiconductor, especially forward voltage (Vf) is low and is related with a gallium-nitride system compound semiconductor 
light mitting device with a still higher radiant power output. 

[D scription of the Prior ArO Since gallium-nitride system compound semiconductors, such as GaN. GaAIN, InGaN, and 
InAIGaN. have a direct transition and a band gap changes to 1.95eV - 6eV. promising ** of light emitting diode, the las r 
diode, tc. is carried out as a material of a light emitting device, now. p type dopant was doped on n type gallium-nitride 
system compound semiconductor at the light emitting device using this material — high — the so-called blue light emitting 
diode of the MIS structure which carried out the laminating of the i type gallium-nitride system compound semiconductor 
[ DcitaMc ] Is known 

[0002] as an example of the light emitting device of MIS structure, the technology which makes n type gallium-nitride 
syst m compound semiconductor layer the two-layer structure of n layers of low carrier concentration and n+ layer of high 
carri r concentration from the order near i layers in JP,3-2521 76,A, JP,3-2521 77.A, and JP.3-2521 78.A, and/or the 
technology which makes high impurity concentration of i layers i layer of low high impurity concentration. i+ layer of high 
high impurity concentration, and two-layer structure from the order near n layers are indicated however, the light emitting 
devic of these MIS structure — luminescence intensity and a radiant power output — very much — low — further — high 
— sine i layers [ **** ] wore made into the luminous layer, more than 20V and since it was high, forward voltage (Vf) was 
inadequate for luminous efficiency putting in practical use by being bad 

[0003] As an idea of the light emitting device which, on the other hand, used the gallium-nitride system compound 
semiconductor which has p-n junction. Light Emitting Diode of terrorism structure is proposed to the double which makes a 
GaAIN layer a luminous layer, and Light Emitting Diode of terrorism structure is proposed [ at JP.59-228776,A ] by JP,4- 
209577.A to the double which makes InGaN of a non dope a luminous layer. Moreover, as for the light emitting device of 
double hetero structure using p-n junction, much structures are proposed conventionally besides these official reports. 
However, since the formation of p mold of a gallium-nitride system compound semiconductor layer was difficult, such 
technology was not realized. 

[0004] high — i type [ **** ] — low — considering as p type [ **** ], and we being Japanese Patent Application No. No. 
357046 [ three to ], and carrying out annealing of the i type gallium-nitride system compound semiconductor layer above 
400 degrees C as technology for realizing the W^t emitting device of the p-n junction which raised the radiant power 
output. — low — the technology used as p type [ **** ] was proposed 
[0005] 

[ProbI m(s) to be Solved by the Invention] When we performed p mold-ization of a gallium-nitride system compound 
semiconductor with the above-mentioned technology and realized the light emitting device of double hetero structure using 
p-n junction for the first time, with the double hetero structure by which the conventional proposal was made, current did 
not flow uniformly between n type layer and p type layer, but we discovered that a gallium-nitride system compound 
semiconductor did not emit light to the homogeneity within a field. Moreover, according to our experiment, the big 
diff rence appeared in the radiant power output by factors, such as combination of the gallium-nitride system compound 
semiconductor which carries out a laminating, and a composition ratio. And the ohmic nature of the electrode formed in p 
type gallium-nitride system compound semiconductor was influenced by factors, such as the crystallinity of the p type 
layer, and a kind, forward voltage (Vf) became high to the defined forward current and there was a problem that luminous 
effici ncy fell. 

[0006] Therefore, when this invention is accomplished for the purpose of solving the above-mentioned trouble and the 1 st 
purpose offers the structure of the light emitting device of new double hetero structure, it is in making a gallium-nitride 
system compound semiconductor layer emit light to the homogeneity within a field, and raising the radiant power output of 
a light emitting device, and the 2nd purpose reduces Vf of a gallium-nitride system compound semiconductor light emitting 
device, and is to raise luminous efficiency. 
[0007] 

[Means for Solving the Problem] It found out that the above-mentioned problem was solvable by our improving further the 
light mitting device of the double het ro structure which makes a luminous layer a specific gallium-nitride system 
compound s miconductor, and aciiusting th carri r cone ntration of n type clad lay r which sandwiches the luminous layer, 
and/or p clad layer. Namely, the gallium-nitride system compound semiconductor light emitting devic of this invention It is 
the gallium-nitride system compound semiconductor light emitting device oft rrorism structure in the double which 
possesses an n type InXGa1-XN (0< X<1) lay r as a luminous layer between n type gallium-nitride system compound 
semiconductor layer and p typo galiium-nitrid syst m compound semiconductor layer. The carrier concentration of the 
aforementioned n type gallium-nitride system compound semiconductor layer and/or the aforementioned p type gallium- 
nitride syst m compound semiconductor layer is characterized by being adjusted so that it may become small as it 
approaches the aforementioned InXGal-XN layer. 

[0008] Drawing 1 is the type section view showing the structure of the light emitting device of one example of this 
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inv ntion, and is n type gaHium-nitridQ system compound semiconductor layer (it is h reafter called n clad layer.) on a 
substrat I.Th laminating of the n+ typ GaN layer 2 and the n typ Gal-YAIYN layer 3 with carrier cone ntration 
small r than the n+GaN layer 2 is carried out. the laminating of the InXGal-XN lay r 4 is carried out as a luminous layer on 
It. and it is p type gallium-nitrid syst m compound semiconductor lay r (it is h r aft r called p clad lay r.) on it. - 
- it is considering as th double hetero structure which carri d out th laminating of th p type Gal-ZAIZN lay r 5 and the 
p+ type GaN layer 6 with larger carrier cone ntration than a p type Gal-ZAIZN lay r to ord r 

[0009] Although material, such as sapphire, and SIC. Si. 2nO, is used for a substrat 1. sapphire is usually us d. Mor over, 
b fore growing up the n+GaN layer 2, you may grow up the buffer lay r which consists of GaN, AIN, tc. on a substrate 1. 
[GDI 0] Although n clad lay r is made into the two-layer structure which carried out the laminating of the n+ type GaN layer 
2 and th n typ Gal-YAIYN layer 3 in drawing 1 , if it has adjusted so small that it is not necessary to make especially this 
layer into two-layer structure and a luminous layer 4 is approached In the carrier concentration of this n clad layer, it 
cannot b overemphasized that it is good also as a multilayer layer structure which carried out the three or more layer 
laminating of the n clad layer. Since crystallinity becomes the best by setting to largest n+ type GaN of carrier 
cone ntration preferably the layer which grows first, the crystallinity of the n type Ga1-YAIYN layer which grows on the n+ 
typ GaN layer also becomes good, and its radiant power output of a light emitting device improves. As for the carrier 
cone ntration of n clad layer, it is desirable to be able to make it change by changing suitably the amount of dopes of n 
typ dopants, such as Si, germanium, Se, Te. C, etc. which are doped to a gallium-nitride system compound semiconductor, 
to dope the aforementioned dopant, and to adjust carrier concentration to the range of three to Ix1022/cm3 of 1x1016- 
/cm. 

[001 1] Although a luminous layer 3 sets to n mold InXGal-XN, and it will not limit especially if X value is larger than 0, it is 
d sirable to adjust to the range of 0< X<0.5. The luminescent color can shift to a long wavelength side from a short 
wav i ngth side, and X value can change it even to red in the one neighborhood as X value is increased. However, since 
InGaN X value excelled [ InGaN ] in crystallinity 0.5 or more becomes is hard to be obtained and the light emitting device 
exc II nt in luminous efficiency becomes is hard to be obtained, as for X value, less than 0,5 are desirable. 
[0012] Moreover, it Is still more desirable to dope said n type dopant or n type dopant, and p type dopants, such as Zn, Mg. 
Be, calcium. Sr. and Ba, and to consider as n type, although the n type InXGal-XN layer 3 has the property in which a non 
dop also serves as n type, n type with which drawing 2 doped Zn 1x101 8Vcm3 — In0.15Ga0.85N layer and n type which 
dop d 1x1019/cm3 and Si for Zn 5x1019-/cm3 — it is drawing in which irradiating helium-Cd laser at InO,15GaO.B5N layer, 
m asuring a photoluminescence (PL) at a room temperature, and measuring and showing those luminescence intensity The 
sp ctral intensity of the InGaN layer which doped only Zn expands actual intensity by 10 times, and shows it. As shown in 
this drawing, the element to which the direction of PL spectrum (a) of n type InGaN which doped Si and Zn makes a 
luminous layer the InGaN layer which the direction of (a) became large 10 or more times as for the luminescence intensity, 
it doped n type dopant and p type dopant simultaneously, and was used as n type excels most PL spectrum (b) of n type 
InGaN which doped only Zn in the radiant power output. In addition, the In0.15Ga0.85N layer emission spectrum which 
dop d only Si Ix1019-/cm3 had a luminescence peak near 410nm. and the luminescence Intensity was about 1 of (a)/2. 
[001 3] Although p clad layer is made into the two-layer structure which carried out the laminating of the p type Gal-ZAIZN 
lay r 4 and the p+ type GaN layer 5 in drawing 1 [f it has ac(justed so small that it is not necessary to make especially this 
layer into two-layer structure and a luminous layer 4 is approached in the carrier concentration of this p clad layer, it is 
good as a multilayer layer structure which carried out the three or more layer laminating of the p clad layer as well as n 
clad lay r. By setting to largest p+ type GaN of carrier concentration preferably the layer which forms an electrode, an 

I ctrode material and a desirable ohmic contact can be obtained. Vf of a tight emitting device can be reduced, and 
luminous efficiency can be raised. Moreover, in order to change the carrier concentration of p clad layer, it is desirable to 
b able to realize by changing suitably the amount of dopes of said p type dopant, and to adjust carrier concentration to the 
range of three to 1x1022/cm3 of 1x1016-/cm. 

[0014] furthermore, the thing done for annealing above 400 degrees 0 so that the aforementioned p clad layer may be 
indicated to Japanese Patent Application No. No. 357046 [ three to ] for which we applied previously as stated above — 
furth r — low — p type [ ***+ ] can be obtained and the radiant power output of a light emitting device can be raised 
[001 5] 

[Function] An operation of the light emitting device of this invention is explained based on drawing 1 . If it energizes to a 
positive electrode 8 and a negative electrode 7. current will spread in the homogeneity within a field in the p+ type GaN 
layer 6 of high carrier concentration. If current value is made to increase and a certain amount of electric field are built, the 
current which spread in the p+ type GaN layer 6 can spread uniformly also in the p type Gal-ZAIZN layer of low carrier 
cone ntration, and can make the InXGal-XN layer 3 emit ligint uniformly. There is an operation with the same said of n clad 
lay r, by dividing n clad layer into the n+ type GaN layer 2 and the n type Gal -YAIYN layer 3, current flows uniformly in the 
InXGal-XN layer 3. uniform luminescence is obtained, and a radiant power output can be increased. 

[0016] Furthermore, by limiting a layer with the largest carrier concentration with GaN in n clad layer, when the crystallinity 
of th n type Gal-YAIYN layer which carries out a laminating on it improves and crystallinity improves, a radiant power 
output can be increased. 

[0017] Moreover, by limiting a layer with the largest carrier concentration with GaN in p clad layer, ohmic nature with the 
positive electrode formed on the p-t- type GaN layer can become good, can reduce Vf. and can raise luminous efficiency. 
[0018] 

[Example] B low by the organic-metal vapor growth, how to manufacture the light emitting device of this inv ntion is 
Stat d. 

[0019] [Example 1] Passing hydrogen, aft r s ttingthe often washed silicon on sapphire in a reaction container and 
replacing th inside of a r action container enough from hydrogen, the temperature of a substrate is raised to 1050 degrees 
C. and silicon on sapphire is cl an d. 

[0020] Then, temperature is lowered to 510 d gre s C, hydrogen is used as carri r gas, ammonia and TMG 

(trim thylgallium) are used as material gas. and the buffer lay r which consists of GaN on silicon on sapphir is grown up by 

about 200A thickness. 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 



03/03/03 



3/3 ^— V 

[0021] Only TMG is stopped aft r buffer-lay r growth and t mperature is raised to 1030 d grees C. If it becomes 1030 
degrees C, similarly. TMG and ammonia gas will b us d for material gas, silane gas will be us d for dopant gas. and 3.5 
microm ters of n+ type GaN lay rs which doped Si will b grown up. In addition, the carrier concentration of this Si dope 
n+GaN layer was Ix1019-/cm3. 

[0022] Then, the flow rat of silan gas is less n d and 0.5 microm t rs of n type GaN layers of 1x101 8/of carrier 
cone ntration cm 3 are grown up. Thus, n clad lay r is mad into the two-lay r structure wh re carrier cone ntration 
diff rs. 

[0023] Material gas and dopant gas ar stopped after n type GaN layer growth, temperature is made into 800 degrees C. 
carrier gas is changed to nitrogen, and the 100A n mold In0.15Ga0.85N layer which dop d 2n and Si is grown up as material 
gas, using DE2 Cdl thyl zinc) and silane gas as TMG, TMI (trimethylindium). ammonia, and dopant gas. 

[0024] Next, material gas and dopant gas are stopped, temperature is again raised to 1020 degrees C, and 0.2 micrometers 
of p type GaN layers which doped Mg are grown up as material gas, using Cp2Mg (magnesium cyclopentadienyl) as TMG, 
ammonia, and dopant gas. 

[0025] Then, the flow rate of Cp2Mg gas Is made [ many ], and 0.3 micrometers of p+ type GaN layers which doped many 
Mg rather than the p type GaN layer are grown up. Thus, p clad layer is made into the two-layer structure where carrier 
concentration differs. 

[0026] A substrate is taken out from a reaction container after p+ type GaN layer growth, annealing equipment Is performed 
the inside of nitrogen atmosphere, annealing is performed for 20 minutes at 700 degrees 0. and a p type GaN layer and a p+ 
typ GaN layer are further formed into low resistance. In addition, the carrier concentration of 1x1016-/cm3 and a p+GaN 
layer of the carrier concentration of a p type GaN layer was 1x101 7-/cm3. 

[0027] A part of p clad layer of the wafer obtained as mentioned above, n moid InO.15GaO.85N layer, and n type GaN layer 
are removed by etching, and an n+ type GaN layer Is exposed. A p+ type GaN layer. After preparing an ohmic electrode in 
an n+ type GaN layer and cutting into the chip of 500-micrometer angle. When considered as light emitting diode according 
to the conventional method, it observed from the silicon-on-sapphire side, and uniform luminescence was obtained and 
Vf4.0V and radiant-power-output 700microW. the luminescence wavelength of 490nm. and the brightness of 1.1 eds w re 
obtained in 20mA on the whole surface. 

[0028] In the [example 2] example 1, in case an n type GaN layer is grown up, TMA (trimethylaluminum) is newly added to 
mat rial gas. and. similarly the 3.5-micrometer SI dope n mold Ga0.9aluminum0.1N layer of carrier concentration 1x1018- 
/cm3 is grown up. 

[0029] Furthermore, in case a p type GaN layer is grown up, TMA (trimethylaluminum) is newly added to material gas. and. 
similarly the 0.2-micrometer Mg dope p mold Ga0.9aluminum0.1N layer of 1x1016/of carrier concentration cm 3 is grown up. 

[0030] When the above others obtained blue light emitting diode like the example 1. the same uniform complete 
luminescence was obtained and they were 1.1 cds in Vf4.0V and radiant-power-output 700microW, the luminescence 
wavelength of 490nm, and brightness in 20mA. 

[0031] In the [example 3] example 1, when n clad layer was used as carrier concentration 1x18-/cm3 and one layer of Si 
dop n type GaN layers of 4 micrometers of thickness and also blue light emitting diode was obtained similarly, the same 
uniform complete luminescence was obtained and it was 1 ed in Vf4.2V and radiant-power-output 500microW. the 
luminescence wavelength of 490nm, and brightness in 20mA. 

[0032] In the [example 4] example 1. when p clad layer was used as carrier concentration 1x17-/em3 and one layer of Mg 
dope p+type GaN layers of 0.5 micrometers of thickness and also blue light emitting diode was obtained similarly, the same 
uniform complete luminescence was obtained and it was 1 cd in Vf4.2V and radiant-power-output 500microW. the 
luminescence wavelength of 490nm. and brightness in 20mA. 

[0033] In the [example 5] example 1 , when p clad layer was made into the Mg dope p mold Ga0.9aluminum0.1 N layer 1 layer 
of carrier concentration Ix1016-/cm3 and 0.2 micrometers of thickness and also blue light emitting diode was obtained 
similarly, the same uniform complete luminescence was obtained and it was 1 cd in VflOV and radiant-power-output 
500microW, the luminescence wavelength of 490nm, and brightness in 20mA. Vf increased because ohmic nature became 
bad writing p clad layer as GaAIN. 
[0034] 

[Eff ct of the Invention] as explained above, since the gallium-nitride system compound semiconductor light emitting device 
of this invention makes n type InGaN terrorism structure to the double of the p-n junction made into a luminous layer, as 
compared with the light emitting device of the conventional MIS structure, it is markedly alike and luminous efficiency and a 
radiant power output increase Moreover, preferably, if an n type InGaN layer is n type with which p type dopant and n type 
dopant were doped, a radiant power output will increase further. 

[0035] Furthermore, since the light emitting device of this invention makes so small that InGaN which Is a barrier layer is 
approached carrier concentration of n clad layer whose InGaN layer is pinched, and/or p clad layer, current flows uniformly 
to the whole barrier layer, and uniform luminescence is obtained. Either is sufficient although It Is desirable to make n clad 
layer and p clad layer into the aforementioned structure in order to make the radiant power output of a light emitting device 
into the maximum, thus, by changing a clad layer, the radiant power output of a light emitting device can be boiled markedly, 
and can be raised Moreover, by using the electrode cambium of p clad layer as a p+GaN layer preferably, ohmic nature with 
an electrode can b come good, can reduce Vf. and can raise luminous fficiency. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

LP.rswing.1J The type section view showing the structure of the gallium-nitride system compound semiconductor light 

mitting device of one example of this invention. 
[Drawing 2] Drawing measuring and showing the photoluminescence intensity of the n type InGaN layer by the difference in 
a dopant. 

[Description of Notations] 

1 .... Substrate 2 .... n+ type GaN layer 

3 .... n type Ga1-YAIYN layer 4 .... n type InXGal-XN layer 

5 .... p type Ga1-ZAI2N layer 6 p+ type GaN layer 

7 and 8 .. Electrode 
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DRAWINGS 



[Drawing 1] 
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mti, mA'cn ^ j-^m'c^^^n'^Mcr) pm\Li^mmx 

[0 0 0 4] i^lgfeiT^j; \ m.^^Wnif^pm.h\^. 

^ $ it P - n ^ ^^i" ^) i6 CO 

LT. ffe'ir|i4#il¥3-3 5 7 0 4 6-§-T% 

m\Lis^} '0 j-^m\.-^m^^wm-k A o o'ce-tir-r^- 

y >^^i-5ri:tcJ;*)ig:^g;lTL^ipMJ;-t-SKm&tt^b 

[000 5] 

^'mciS)>'^j-^m\L%m^'m^(^pw<^^''^^^^ ^^x 

p-n^-^^fflv^r-^:/yi — ■7~^m'^<r>m%^'^'^Wm. 
(t. n^JSt pMMtwWt^m?jffi;i5*a-t^SfctiT. ^-ffc 

[0 0 0 6] li^oT. 7ts^0^(±_blSPp^m.^.&fi?^i-5C 
i:^S&t)i:bT^^^xf:ifcf^Tfel5^1(^S6^Jfi. 

J: 19 s ^^fc;yy -^^^it-^if^^^^ffi^SF*^^— i^^^ 

[0 0 0 7] 

s*5j:tj*/-^fc(ip KStT^^v-r y mm^m^i- 
^ztizi^, ±umm^M^X'^i>ct^w.^^tcv 



3 

co<x<i) m^m^mtvxMrm'r^^y'/^^Tu 

m^^. flJfSl nxG a i-xN^[C^j£-r-51:^oixT. /J-$ 

[00 0 8] El 1 i-t^^m(D--mMm<^^itm=f-<r>m^i^ 

y r#^(?5/jN$V>nMG ai_yA 1 vNg 3 <b 

bX I nxG a i-xN^4 Sr^^b. ^ 

=7y V'mt\^^0^ ) tUT. pMG a i-zA 1 zNM5 

pMGai-zA UNMJ:!5tj^-^'yT|g^(^:/c#v^ 
p^^Ga t^J«ltC^aLfc^^7'^l-'-^ = 1titi: 

[0 0 0 9] 1 [^l^i-y-^r-l'Ts S i C. S i . Z 20 

h^^. "Sfc, n*Ga N^2&^it:g:^-ft"^t!ll^. SIS 
l<7)±.irGaN. A 1 N^A^^^£§-"i5''7r^^fiJt:S5 

[0 0 1 Ol Igll-eit, n^^-> K^f±n-MGa 
2i:. nMG a 1-yA 1 vN^3 i:S:^jlbfc2M^iiti: 

r n ^' 7 KM<^ =^ y r 0a ^^^t^ 4 t::^gi£-t- ^ 

G a i-vA 1 ^iim<o^^^^i^^<fi'o^%m^<om^m 
V j^mt-^'m^mm- v-^-r^ s i . g e . s e . 

Te. C^iDnmh'—^<'^h<OV—:fM^m'SM'X.-r^ 

-7°bX. =ar-y y Tigia^ 1 X 1 0*^/cm3~ 1 X 1 0 
^VcmSC^gSISi^l^fi-r ^ w t tm-^ 40 

[0 0 1 1 ] ^^^3 (tn^ I nxG a i-xNi: U. Xfit 
tiO J; >5 :*ci^(tixli#*wiiaSL./.ev^;6S. 0<x<0. 5 

x{a:;ii 0 . 5 ^j^x-iii^^Bm^-mnti I n G a NA^ 

[0012] ^/c, nSlI nxG a i-xNjg 3 [i/ ^b'- 



ittM¥7- 1 5 0 4 1 

4 

S, ^fc\t.timh'-^<:^bt. Zn. Mg, Be. C 

a. Sr. B a^(73pMK— ^-^V h ^ K-^bTnM 
t-|-5:^;6S^^(cifF^bv\ E!2[±. ZnSrixio^^ 

/cm^ K— ■T'bfcn^ I nO. 15GaO. 85N®i:. Zn& 
1X1 0^Vcm=**3J:t^S i ^5 X 1 0=^Vcm=*K-7"b 
fcnS^I nO. 15Ga0.85NMi:ECHe-Cd if— 5r 
fi?,StbT, ^a.T':7;f (PL) ^ifi!]^ 

b. ^nh(7^^^^m^itmvx^'rmxh^o znto 

1 0'f#t-SA:*^bT^brv^S. - t7:)[l|ir.^-rJ; p 
tw, ZnO^^K— :7'bfinMl nGaNtf^PL^^^i' 
h/w (b) Xf)h. S i *3J:U!Z nS: K"7"bfcn^ I 
nG a N(?:>P L;=^'^^ h-'i^ (a) (?5:^35S^i??^7t§^Sft 
(a) <D:^^il Omvj,±^^<^£<0 . n^h'-y<'^ht 
p ^ K— ^-^^ h t ^iH^t:: K— 7°bT n^t bfc I n G 

a KM^^ytm t-r^m^A^Mhm^iiit!\zmi\x^^ 

5„ ^CdoS i (D^^ 1 X 1 0^*/'cm3K— T/bfc I n 0. 1 
5Ga0.85N^(?5%^X^^ h/U|i4 1 0 n mMJfii::^ 
^t°-i>?5S&t). ^(73^^3tSii (a) .^>i6j;^l/2 

[0 0 1 3 ] El 1 tC4^V^r. p ^7 K^ttpMG a 
i-.:A 1 2N;S4 p*gJGaNM5ir^mgbfc2S 
m^ti bT 1.^-6^5. n:^^-;/ KStl^b< . #(:iC£^® 
S:2J§^i3tt-r5i£;>^t*^C< . rrop:^^-^ K^<^=^-r 

y rm&^^^M 4 dg^-iffi-a if/J^ $ < br fcn 

(i. p^^y K^&3Slbt_bMb^:#5-SMg«5tt b 
^<7)^hiz^^^P*MGaNti-h:it\zX^, WMU 

■5. ^fc, p ^^-y K^(0=^--^ yriggSr^^t^-fr^t^ 
(i. ^fSbfiipM K— K— 7'M$riSl:^'5:-rs 
r.i;t^J;l5^m-C-t^, =3r^ y Tigs*- 1 X 1 O^VcnS 
— 1X10 ^^'/cmSco^BiS I'pSi"^ w t tm'^ bv \ 
[0 0 14] ^^{c, tfllEp ■i' KM(±s t{ltw'bi&'< 
fcJ; 5t:::a*/j^$fe(^ay®bfc?#m¥-3 - 3 5 7 0 4 6-^ 

[0015] 

•ryTigacDp*MGaNM6T'ffif^l^— m 

a 6 i:i/r;^'^o/tgoftfi-i£^-\' yriSSc^pSGa 

1-zA I zNai^t>i^a— t'itSiO^^. I nxGa.-xN@3^ 
nMG a i_vA 1 vNJi 3 i:tcj: I?, In 

xG a i-xN^ 3 \^^-\zm-&i^tixm—'^i^itm%h 



(4) 



1^7-1 5041 



[0 0 16J $btc, n^yiyvm-^Mh^^vrm^ 
[0 0 17] ^fc, p^y-y y^'mx-Mh^^^vrm^'^ 

9, V f Sr{g:TS-&T%^3^^S:fSl_b$i^S:ii:AS-et 10 

-So 

10 0 18] 

[0 0 19] mmmi'} x<m^i-ti^^T^Tm^ 

bfcf^. 7k^S:«iSL/£dS^, S^(Dia^Srl O 5 CC^ 

[0 0 2 0] MV^T. ififfiSrS 1 CC^T-Ttf . 3 
T;tf:XtbT7K^. J^itSf^;^^LTr>^^Ti:TMG 20 

Ga ?*iS^-^-y:7rS^^2 O 0^>5*';=^ ha— J. 

[00 2 1] /^5/7r^^:^^^ TMGc^^±i«^)T. ?S. 
^Sr 1 0 3 CC^-Ci^^-lirac 1 O 3 O'Ct'^^ofc 

>- h^y^t;i'>7:/;y;^=£r.Sv\ s i $r K— :^Ufcn*M 

^T'n^G a N^C0=3r^ U TlglSJ:* 1X10 ^^/cmSX'foo 
f- 30 
[0 0 2 2]^V^r> v'^>^:tf^WoSt:l:^6^J'j;< UT. 
UTlglSl X 1 O'VcmSO^n^Ga Ng^O. 5 

[0 0 2 3] nMGaNg^S^. Mn:^^. 

TDEZ (i^^i^/ui^v^') ^•>7>'^^:^tSr^v\ z 
n*5j;0:S i $:K— TT'bfcn^I nO. 15G a 0. 85Ng 40 
1 0 0:^^>':^^ hn — AfiKifiSit^Jo 
[0 0 24] gfcd. i^^sf;t^yt., V—y<>'h:^:^^itl^. 
^Wag^rl 0 2 0'CS-C'±^^-&. iS^;tf^i:bTT 
MGtT^^-T. K"''>>' bTC p2Mg 

& K— T'bfcpMGa NgSrO. 2 /imfiK:g$it-S. 
[0 0 2 5] i^V^TC p2Mg;(f^<DijiE4&#< UT. 
Mg^pMGaN^J:9tj^< K-:;^b/cp*^G a N 



[0 0 2 6 ] p-i^G a Ng^ft^. S^^SfE^^^;*^ 
P,®l9tbU T:^-y>:^^#t::-C^I{?#lsr^4^, 7 0 
O'CT'2 0^^HT:=^— y >'^^nv\ pMGaNg. 
<tt;^p*§^GaN^^$b(3{6^^-ft.-rSo ^'^iJa. p^ 
Ga NM<^^^ y TiS^m X 1 O'^/cmS. p*GaN 

M<3:)^-^ y Tf^mt 1X1 o*Vcm3-efoo/c. 
[0 0 2 71 j;x±(7?j; 5^-LT^#bi^fc'>^/^— <73p 

h'M. nMl nO. 15G a 0. 85N^, *5j;U«nMGa 

S^^ai^-fr. P^^GaN^t. n"SG a N^td:^ 
— 5 s/^SfiE^IStt. 5 0 O Mm:ftc^^ry7"t;i;*7-y h b 
fc^. ^m(w^J^v^^^y^:^-Ki:bfci:^5. i^7r 
-i'rS:K®A^bmiilbT:^ffi(::*&-^^^^dM#f>H, 2 
OmAt::*5V^TV f 4. 0 V . ^^ttti;^ 7 0 O a* w. #g 
^lfeS4 9 Onm. J^Sl. 1 c dm%hh.tz^ 

[0 0 2 8] mMm2:\ mMmii^^^^x. nmoa 

/uTyL-5^!?A) IrI D< jJ Ti^S 1 x i o 

"^/cm^WS i K— 7'nMGa0.9A 1 0.1NJi^3. 5 

[0 0 2 9] ^f^tC, p^lG a N^^^:S:-r^^, 0ffc 

^. mC<^\ ]}r^mi X 1 O^^cm^WMg K-T' 
p^G a 0.9A 1 0. IN^trO. 2 Mmfife:tt$-e:5 = 
[0 0 3 0] t;L±(?:)-te(i^*Se'] 1 t mmi^ bT*-fe%3t 

tb, 2 0mA^r:^3l^XV f 4. 0 V. ^3tttl:^7 0 0 /X 
W. ^^iJfi4 9 O nm. %^ 1 . 1 c d-Cfeofc^ 

[0 0 3 1 ] imMm3:\ mmmii-m^x. xv^y-y 

ym^^^ y riggl X^VcmS, 0J¥4 ;zmCOS i K 

^1. 2 OmAtCib-l^TV f 4. 2 V. 5g3fem:^3 5 O O /i 
W. ^7tiSS4 9 0 nm. c dT-foofc^ 

[00 3 2] [5SJfeM4] ^lSMllw*3V^r. p^'^-;/ 

KJl^^-^ y TJ^S 1 X^"'/cni3. jRffO. 5;/mC^M 
g K-T'p^MGa NJi l^t-r-Stef*. I^^frbTI^ 

2 OmAt^SaV^XV f 4. 2V. ie^tti;^5 
0 O mW. ^^i£:R4 9 0 nm, 1 c dT'fcof::, 

[003 3] [§llSfi?!l5] ^ig0iilt:i*5V^r, p ^ 
K^^=3e^ yraiSl X 1 O^Vcm^. ieiiSO. 2 /x m 
(T^Mg K— T'p^G aO. 9A 1 0. IN^ 1 ^ i: -TS-ftilft 
#^^b-CW^^^y^;r-K%#/ci^^^, i^b<fe&- 
2 0raAir*^^^TV f 1 0 V, 5g 
^tt±i;'j5 0 0 mW. ^)t^g4 9 0 nm. i^S 1 c d T' 
foofc„ V f ;6iltApbf;=<^«. p ^ ^ 5/ K^=SrG a A 1 

[0 0 3 4] 

[^p^<^^mi iitji^p;jbfc=t 5tc. ^^Bjw^it^y 



(5) 



^m^7~ 15 0 4 1 



A ^it^m^^m^m^m^i-±. n m i n g a n ^mit 

[0 0 3 5] $^iw;*:^P^(D^^^^ti. InGaNg 



10 



im2] K— h(73jSV>t' J:^ I nGaN^tT? 

1 ■ ■ ' • mm 2 • • • - n 

*^G a 

3 . . . . n^G a i-vA I ^NM 4 • • • • n 
MI nxG a i-xN^ 

5 . . . . p^Gai-zAlzN^ 6 • • ■ ■ p 
*MG a N® 

7, 8 • • 
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